The SII area and the posterior insular region are activated jointly by thermal stimuli in functional imaging studies. However, controversy remains as to a possible differential encoding of intensity between these two contiguous areas. Using CO2 laser stimulations, we analysed the modifications induced by increasing thermal energy on evoked potentials recorded in epileptic patients, with electrodes implanted within SII and posterior insular cortices. Although increasing stimulus intensities enhanced both SII and insular responses, the dynamics of their respective amplitude changes were different. SII responses were able to encode gradually the intensity of stimuli from sensory threshold to barely painful levels, but tended to show a ceiling effect for increasing pain intensities. In contrast, the posterior insular cortex failed to detect non-noxious laser pulses but encoded faithfully stimulus intensity variations at painful levels, without showing saturation effects for intensities above painful threshold. According to these results, one can assume that insular cortex could be more involved in the triggering of affective recognition of, and motor reaction to noxious stimuli, whereas SII would have a more dedicated role in finer-grain discrimination of stimulus intensity, from non-painful to painful levels.
Introduction
Neurophysiological studies in monkeys have demonstrated the existence of nociceptive neurons in both SII and the insula (Robinson and Burton 1980a ,b, Dong et al. 1989 , 1994 , Dostrovsky and Craig 1996 , Zhang et al. 1999 , and nociceptive regions of thalamus in non-human primates send axons to the parietal operculum, the mid-and posterior insular cortex as well as the retroinsula (Burton and Jones 1976 , Jones and Burton 1976 , Mufson and Mesulam 1984 , Mesulam and Mufson 1985 , Burton and Carlson 1986 , Friedman and Murray 1986 , Stevens et al. 1993 , Craig 1995 .
In humans, regions containing nociresponsive neurons in and around the thalamic ventral caudal nucleus (Lenz et al. 1993 (Lenz et al. , 1994 have been shown to project to the insular cortex and the parietal operculum (Van Buren and Borke 1972) . These supra-sylvian nociceptive-related areas appear also implicated in the processing of innocuous somatosensory information. In functional imaging studies, there is a substantial overlap in activity evoked by noxious and innocuous stimuli within SII (Coghill et al. 1994 , Chen et al. 2002 , and our previous data recorded with intra-cerebral electrodes in humans showed that both noxious CO 2 laser and innocuous electrical stimulations evoke responses within the same sub-regions of SII (Frot et al. 2001) . One recent study has provided fMRI evidence suggesting that a posterior region within SII could be specifically involved in the processing of noxious stimuli (Ferretti et al., 2004) .
However, these authors used electrical stimuli that activated simultaneously noxious (A-delta) and non-noxious (A-Beta) afferents (Gracely 1994) ; therefore, no definite conclusion could be drawn as to whether these separate areas also participate to the encoding of inputs coming from specific activation of nociceptors.
A major obstacle for the understanding of this region's role in pain perception is our limited knowledge on response properties of perisylvian nociceptive neurons (Treede et al. 2000) . Previous studies, including ours, usually compared stimulations of different modalities (mostly electrical or tactile vs noxious heat), and therefore could not assess specifically whether the SII-insular cortex is able to encode intensity within the thermo-algesic modality. Therefore, their functional capacities to encode stimulus intensity may also be different. 
Materials and Methods

Patients
All of the ten patients included in this study had refractory temporal lobe epilepsy and were investigated using stereotactically implanted 1999 , 2003 , Frot et al. 1999 , 2001 ) .
In the SII region, electrodes were implanted caudal and rostral to the VAC plane (y=0). The 
Results
Psychophysical responses
By definition (see Experimental Procedures), all the subjects rated 0 (no sensation) on the visual analogue scale (VAS) when the intensity was under the perception threshold (I0).
Subjective intensity rates to I2 corresponded well to a barely painful sensation (boiling water drop on the skin), while I3 (maximal intensity) was unanimously considered as painful and quite unpleasant, albeit tolerable (mean 5.4 /10). This latter stimulus intensity being at the upper limit of tolerance, higher intensities were not used for evident ethical reasons. There was a positive significant linear correlation between the subjective VAS reports and the stimulus intensities (r=0.87, p<0.001) (Fig 1) .
Polarity, latency and voltage of SII-insular LEPs
Two distinct evoked potential components contralateral to the stimulation site were recorded along all the electrode tracks implanted in SII, anterior and posterior to the rolandic fissure. They consisted of a negative wave (Nop, for "negative-opercular") followed by a positive one (Pop), the latencies of which are given in Ni-Pi were observed along the electrode tracks implanted respectively in SII and in the insula (Figures 2 and 3 ).
Stereotactic localization of the SII-insular LEPs
The maximal amplitude of the N/P deflection was taken to determine the electrode contact likely to be the closest to the source.
The 
Statistical analysis
Effect of electrode localization on SII-insular LEPs
In the patients whose SII or posterior insular cortices were explored by several electrodes (two or three, see Experimental Procedures) along the antero-posterior axis (y), repeatedmeasures ANOVA showed no effect of electrode location on the latency or amplitude of LEP components (Table 3) 
Effect of stimulus intensity -on source localisation
For each patient, the electrode contacts yielding maximal SII or insular responses were the same for all intensities. Therefore, the sources location of these responses did not appear to be modified by the intensity changes. However, due to our restricted spatial sampling, especially along the antero-posterior (y) and vertical (z) axes, we cannot draw any definitive conclusion on this point.
-on SII and insular LEPs latencies and amplitudes
Repeated-measures ANOVA showed no significant effect of intensity on the latencies of insular or SII LEPs (Table 3) . There was no effect of epoch order on response latencies either, i.e., for all intensity conditions both insular and SII response latencies remained stable between consecutive epochs (Table 3) .
Repeated-measures ANOVA showed a significant effect of stimulus intensity on SII and insular LEP amplitudes (Table 3) . For a given stimulation intensity, there was no effect of the epoch order on response amplitudes, i.e., both insular and SII response amplitudes remained stable between consecutive epochs (Table 3) . SII and insular responses showed a highly significant increase of their amplitude between the two extreme intensities (I0 and I3; t-tests, p<0.001) (figure 5).
-on the dynamics of SII and insular
LEP amplitudes change
Although increasing stimulus intensities Tables & Figures   Table 1 Latencies (ms) and amplitudes (µV) of responses All the means are given with the standard errors. Table 2 Coordinates (Atlas of Talairach and Tournoux) of contacts (in mm) where the maximal amplitudes of the N/P deflection in bipolar mode were recorded. PrC: Pre-central SII cortex, PoC: Post-central SII cortex Table 3 Statistical analysis (ANOVA) of the effects of intensity, electrode localization and epoch order on amplitude and latency of SII and insular LEPs. Significant results were indicated by a *, were in bold and underlined. df: before the G-G correction.
Figure 1
Correlation between the subjective VAS reports and the stimulus intensities.
Figure 2
Effects of intensity on SII-insular responses -One patient. LEPs recorded on two depth contacts located in SII (1) and insular (2) cortices of one patient, for each level of stimulus intensity (I0, I1, I2, I3). These LEPs were recorded in referential mode. Note that in SII (1) we recorded a late negative response indicated by a black star. This component did not appear to be generated in SII but rather corresponded to the diffusion of the Ni component of the insular LEPs, due to the proximity of the contacts 1 and 2. This was confirmed by recordings in bipolar mode where this late SII negative component disappeared (see figure 5) . A similar phenomenon is present on insular recordings where a positive peak occurs at about 180ms (black star on 2).
Figure 3
LEPs recorded on depth contacts located in SII and insular cortices of all patients (8 subjects) for each level of stimulus intensity. All these responses have been latency-normalized according to the maximal LEP peaks (Pop for SII and Ni for insular responses). A response has been recorded for all patients in SII at I1 whereas the first evoked response in the insular cortex was recorded at I2 in the majority of cases. ) curves were fitted on the stimulus response amplitude functions. The dynamics of response were significantly different in SII and in the insula: the fitting curve had an exponential profile for the insula (r=0.98, p=0.02) and a S-shaped profile in SII (r=0.98, p=0.016). Amplitudes were those measured between N and P peaks for both SII and insula. The right part of the figure shows the correlation between the amplitudes when SII and Insula data were pooled together.
